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Figure 1. Simplified map showing the distribution of the Pongola Supergroup in South Africa and Swaziland (modified after
. AB, AC and AD (Government Printer, 1969 mapped by Matthews (1967) , who suggested that the sedimentary rocks of the Mozaan Group were deposited unconformably upon the Nsuze Group in a transgressive littoral environment. Von Brunn and Hobday (1976) and von Brunn and Mason (1977) argued that the lower units of the Mozaan Group were deposited in a shallow-marine to tidal environment. In contrast, Dix (1984) identified a transition from braided-stream to tidal deposition within the lowermost units of the Mozaan Group. Within the inlier the volcano-sedimentary Nsuze Group is ~1800 m thick, rests nonconformably on basement granites and is subdivided into four formations, comprising alternating sedimentary and volcanic packages (Matthews, 1967; Joubert and Johnston, 1998) . The Nsuze Group underlies sedimentary rocks of the Mozaan Group with an angular unconformity marked by a ~10° difference in dip, as well as slight strike variance. The Nsuze Group lithologies dip at ~20 to 30° northeast, whereas the Mozaan Group lithologies dip to the east-northeast at 8 to 16° (Hicks, 2009) .
Only the lowermost portion of the Mozaan Group is preserved within the inlier, represented by conglomerate, quartz arenite, shale and banded iron formation (BIF) of the Sinqeni Formation, and shale, ferruginous shale and sandstone of the Ntombe Formation (Joubert and Johnson, 1998) . Dix (1984) suggested that the Sinqeni Formation consists of a transgressive-regressive sequence of alluvial to shallowmarine shelf lithologies. In contrast, Hicks (2009) indicated that the formation comprises two stacked transgressive sequences separated by an erosional unconformity. The Sinqeni Formation locally comprises a basal ~12 to 45 m thick unit known as the Denny Dalton Member, which consists of three fining-upward successions of conglomerate, and coarse-grained to gritty quartz arenite (Hicks, 2009) . The Denny Dalton Member is overlain by the shallow-marine (Matthews, 1967) Dipka Member, which comprises of 20 to 30 m of mineralogically mature, coarse-grained quartz arenite with subordinate conglomerate near the top (Hicks, 2009) . The sandstones are overlain along a sharp contact by marine siltstone, shale and BIF of the Vlakhoek Member. The Vlakhoek Member is sharply overlain by quartz arenites of the Kwaaiman Member, which exhibit sedimentary structures indicative of a shallow-marine to tidal environment, such as wave and interference ripples and mud cracks. Noffke (2009) attributed polygonal pattern desiccation cracks, multidirectional ripple marks, erosional remnants and pockets, and microbial mat chips to microbial mat growth on the sands. The Kwaaiman Member caps the Sinqeni Formation and is sharply overlain by dark-grey, ferruginous shales and yellow sandstone of the Ntombe Formation, which forms the stratigraphically uppermost unit of the Mozaan Group as preserved in the White Umfolozi Inlier.
Historical Gold and Uranium production at Denny Dalton
The Denny Dalton mine, which worked the fluvial conglomerates of the basal Mozaan Group, was commissioned in 1893 by Thomas Denny, John Dalton and Scott Paulson. A report by Hatch (1910) is the first detailed documentation on gold mineralisation in the White Umfolozi Inlier. Hatch (1910) indicated that during the life of the Denny Dalton gold mine a total of 100 kg of gold was won from the producing reef known as the Mozaan Contact Reef (MCR). The last record of production at Denny Dalton was that of tailings dump re-treatment in 1926 (Delpierre, 1969) . Since then, several exploration projects have been undertaken around the mine area, which led to several publications (Saager et al., 1981 (Saager et al., , 1982 Saager and Stupp, 1983; Thiel et al., 1983; Dix, 1984; Saager et al., 1986) .
Stratigraphy of the Sinqeni Formation
For this study, detailed geological mapping of the basal Mozaan Group in the White Umfolozi Inlier was carried out by measuring stratigraphic sections through the Sinqeni Formation in order to aid lithological correlation and sedimentary analysis (Figure 2; 3). For this study the Sinqeni Formation has been subdivided lithostratigraphically into four Members, the Denny Dalton Member conglomerates, Dipka Member quartz arenite, Vlakhoek Member shale and BIF, and Kwaaiman Member quartz arenite. Whole-rock geochemistry was undertaken on ore-bearing conglomerates as well as quartz arenite and granulestone of the Denny Dalton and Dipka Members ( Figure 3 ) using X-Ray Fluorescence (XRF) spectrometry and inductively coupled plasma mass spectrometry (ICP-MS). Reflected and transmitted light as well as scanning electron microscopy (SEM) was undertaken on conglomerate samples as well as transmitted light microscopy on other sedimentary units of the Sinqeni Formation.
The Denny Dalton Member
The Denny Dalton Member comprises a succession of laterally impersistent conglomerate beds and granulestone and varies in thickness from ~12 m in the northwest of the inlier to ~45 m in the east. Conglomerate horizons appear to thin towards the northwest where they grade into a 12 m thick succession of normally-graded granulestone and trough cross-bedded quartz arenites, which exhibit unimodal easterly palaeocurrent directions. Within the type area at Denny Dalton three overall finingupward cycles are identified, and are here defined as the CG 1, CG 2 and CG 3 cycles (Figure 3 ). The lowermost CG 1 fining-upward cycle (Figure 4a ) hosts the Mozaan Contact Reef (MCR), a laterally discontinuous conglomerate which forms lenticular horizons, occupying east-northeast trending channels (Figure 4a ). Conglomerate facies vary laterally, grading from medium-to large-pebble, polymictic, matrixsupported conglomerate (Figure 4b ) to rare cobble-sized, clast-supported conglomerate concentrated within palaeo-channels directly above the footwall contact ( Figure 4a ). Pebble conglomerates are moderatelysorted, with clast size ranging from small-to largepebble (4 to 64 mm). The conglomerates appear internally massive, but the succession of beds shows an overall fining-upward pattern. Pebbles and cobbles comprise vein quartz and chert, with vein quartz clasts generally being glassy white to mottled blue-grey in colour. A variety of chert clasts occur, with black carbonaceous chert being most abundant. Green and black-and-white banded cherts are present as wellrounded pebbles within the MCR conglomerate. Rare pebbles of sandstone and basalt have also been identified within the MCR.
Quartz cementation is identifiable by relict grain boundaries of quartz grains, with secondary quartz filling fractures in many minerals. Secondary quartz is commonly identified in corroded pyrite grains (Figure 4c /d). Fine-grained sericite occurs throughout all the Sinqeni Formation conglomerates and is concentrated in fractures and pore spaces between sand-sized quartz grains (Figure 4c ). In zones of larger pore space sericite is evenly distributed throughout the matrix and constitutes a large portion of minerals present. Secondary sericite often occurs with quartz in fracture fillings in corroded pyrite grains (Figure 4d ).
The conglomerate matrix consists predominantly of coarse sand-sized, well-rounded quartz and variable amounts of rounded to subrounded, fine sand to small pebble-sized particles of rounded pyrite. Rutile, authigenic leucoxene, monazite, chromite and zircon constitute the other heavy minerals in the matrix. Rutile occurs as rare subrounded, massive, detrital grains with an average grain size of 0.15 mm. Authigenic leucoxene occurs either as anhedral porous grains which host inclusions of pyrite, galena and chalcopyrite, or needle-like crystals of uraniferous leucoxene and brannerite which occur along grain boundaries. The leucoxene likely formed during diagenesis through replacement of primary ilmenite. Atoll-textured grains often exhibit corroded centres replaced by quartz and muscovite. Brannerite occurs as needle-like crystal clusters which replace rutile and leucoxene grain margins. Monazite is abundant within the Denny Dalton Member conglomerates with grains present as either well rounded massive grains or corroded subhedral masses (Figure 4e ). Monazite grains frequently contain inclusions of galena. Chromite and zircon occur as subrounded detrital grains ≤0.3 mm in diameter in the conglomerate matrix. Zircons are commonly zoned (Figure 4f) , with a small percentage of zircon grains either partly replaced by quartz or containing inclusions of galena.
The MCR fines upward over ~2 m to a laterally discontinuous pebbly granulestone, or matrix-supported medium-pebble conglomerate, dominated by clasts of subangular black chert and vein quartz. The pebbly granulestone gives way to ~5 to 7 m thick, compositionally mature, trough cross-bedded quartz granulestone which represents the St facies of Miall (1978) and exhibits a unimodal easterly palaeocurrent orientation throughout the inlier (Figure 2) .
The CG 1 cycle is overlain with a sharp, erosional contact by the CG 2 fining-upward cycle (Figure 3 ). The base of this cycle comprises a matrix-supported, polymictic, medium-to large-pebble conglomerate (CG 2), which fines upward to a pebbly quartz arenite. Pebbles comprise subangular vein quartz and subangular to angular chert with a medium to coarsegrained quartz-sericite, and localized pyrite, matrix. SEM analysis indicates that monazite is the dominant heavy mineral within the conglomerate matrix. A number of thin, normally graded beds (~20 cm thick) can be identified within this cycle, each consisting of a basal pebble lag and overlying pebbly quartz arenite.
The CG 3 cycle ( Figure 3 ) has a sharp base and varies in thickness from 1 to 5 m within the inlier. The base of this cycle comprises a polymictic mediumpebble conglomerate (CG 3) which fines to a pebbly granulestone. Pebbles are mainly subangular vein quartz and occur in a medium-to coarse-grained quartz-sericite matrix. Pebbly granulestones comprise sub-rounded to rounded grains that range in size from small pebblesized vein quartz and chert to coarse sand-sized quartz grains. Pyrite occurs as rounded sand-sized grains. Overgrowths of quartz and sericite are also common on detrital pyrite grains. Fine-grained sericite is uniformly distributed throughout the matrix, occurring as elongate distorted crystals surrounding larger quartz grains.
The Dipka Member
Coarse-grained quartz arenite of the Dipka Member overlies the Denny Dalton Member along an erosive contact and attains a minimum thickness of 20 m in the northwest, with a maximum of 30 m in the southeast of the inlier. Beds range in thickness from 0.1 to 1 m, with small-scale (~20 cm) trough cross-bedding being the dominant structure. The quartz arenites are mineralogically and texturally mature with a modal composition of >95 % of well-rounded, and very well sorted quartz grains lacking matrix material. Coarsegrained monocrystalline quartz typically exhibits undulose extinction with stylolites at grain boundaries. Restored palaeocurrent orientations show a consistent easterly trend. Overlying the quartz arenite with a planar, erosive contact is a ~0.5 to 1 m thick, laterally extensive, medium-to large-pebble (10 to 64 mm) conglomerate (CG 4). Clasts comprise vein quartz with only minor massive and banded chert, and range in roundness from subangular to rounded, with an interstitial matrix of quartz and localized wellrounded pyrite grains 0.2 to 10 mm in diameter. The conglomerate is sharply overlain by gritty quartz arenite consisting of two, ~1.5 m thick normally graded beds. The upper bed is capped by small dune bedforms which crop out in several river-washed pavements throughout the inlier. Dunes are symmetrical with crest orientations of ~40°/220° with amplitudes of ~10 cm and wavelengths of ~1 m (Figure 4g ). Dune crests are undulatory and bifurcating crests are common. Member is capped by ~3 m of foliated green shale ( Figure 4h ).
The Vlakhoek Member
The Kwaaiman Member
The Vlakhoek Member is overlain with a planar, erosive contact by the Kwaaiman Member, which has at its base a laterally continuous, small-pebble, vein quartz conglomerate which thickens from a single pebble lag in the northwest to a 5 to 10 cm thick small-pebble conglomerate in the southeast. occurs as massive, subrounded to rounded, 0.2 to 10 mm diameter grains with etched and abraded edges (Figure 5a ). Gold, galena, arsenopyrite and minor pyrrhotite occur as inclusions within these pyrites. Wellrounded grains of porous and radial pyrite with diameters up to 40 mm also occur within the MCR (Figure 5b ). Pore spaces are commonly filled with quartz and sericite. Radial pyrites form the largest grains and exhibit needle-like radial crystal growth from a central point, a texture typical of marcasite (Figure 5c ). However, X-ray diffraction analysis of these grains identified only pyrite and minor pyrrhotite. Euhedral pyrites are present throughout all conglomerate horizons and form single cubic crystals and clusters of euhedral to subhedral crystals occupying fracture and bedding planes. Many of the rounded pyrites show secondary overgrowths of euhedral crystals on parts of the grains, concealing the original rounded nature of the pyrite. Euhedral pyrites are generally massive and do not host inclusions, except for one sample where two cubic pyrites host elongate inclusions of galena. Gold occurs as rare primary inclusions within rounded, massive pyrite grains. Inclusions are generally small (~20μm) and have irregular or rod-like shapes. The shape of the gold inclusions mimics primary euhedral pyrite crystal edges preserved within the grains (Figure 5d ). Reconstituted gold particles were also identified within the matrix, intergrown with corroded gersdorffite aggregates similar to those identified by Saager et al. (1986) . Geochemical analysis of pyrite pebbles of variable type from the MCR show Au concentrations which vary from 0.3 to 98 ppm, with one pyrite grain having a concentration of 1179 ppm, probably related to free gold intergrown with gersdorffite, as indicated by elevated Ni and As contents. Co/Ni ratios for pyrite pebbles as well as bulk conglomerate samples (Table 1) were found to be consistently smaller than 1.
Besides zircon and monazite, uraniferous leucoxene and brannerite are the only uranium-bearing minerals present in the MCR. Uraniferous leucoxene is abundant in all conglomerates occurring as anhedral porous grains which frequently contain inclusions of pyrite, galena and chalcopyrite (Figure 6a; 6b) . Brannerite forms either as branneritized aggregates replacing rutile/leucoxene grains or as rare needle-like crystal clusters within the MCR, and is associated with finely crystalline leucoxene grains. Two uranium-bearing phases are present within the CG 4 conglomerate. The most abundant, uraninite (UO 2 ), occurs as overgrowths and encrustations on wellrounded pyrite grains (Figure 6c ). The second uranium phase evident is that of coffinite (USiO 4 .nH 2 O), which occurs as subhedral crystals attached to the edges of detrital pyrite grains (Figure 6d ). Tucker and Viljoen, 1986) .
Figure 8. Diagrammatic model illustrating the various conglomerate lithofacies of the Mozaan Contact Reef. (modified after
Geochemistry
Major and trace element analysis of the Sinqeni Formation were undertaken for conglomerate (n=4), quartz arenite (n=2), and granulestone (n=2) at the University of KwaZulu-Natal. Major elements were analysed by XRF using flux fusion disks against primary standards and certified standard reference materials. Trace elements were determined using the Elan 6100 ICP-MS against primary standard solutions and validated against certified standard rock materials (Wilson, 2003) . Average compositions have been normalized to PAAS (post-Archaean average Australian shale, Taylor and McLennan, 1985) in Figure 7a .
Major Elements
As expected, SiO 2 contents in the conglomerate samples are consistently high, ranging between 94.4 and 97.6 weight % (average 95.9 weight %), likely due to the dominance of quartz and chert clasts in a predominantly quartz matrix. The low Al 2 O 3 and TiO 2 contents compared to PAAS (Table 1) suggest low clay content of the conglomerates. The low values for all other major elements are consistent with the high SiO 2 content of the conglomerates (Figure 7a ). Granulestones comprise 91.2 to 94.5 weight % SiO 2 with low Al 2 O 3 concentrations of 3.9 to 6.1 weight %. Quartz arenites are compositionally more mature and contain 98.6 weight % SiO 2 with 0.9 weight % Al 2 O 3 .
Transition Group Elements (Sc, V, Cr, Co, Ni)
The average Sinqeni Formation conglomerates are depleted in Sc, Co, Ni compared to PAAS (Figure 7a ). All conglomerates except CG 3 are enriched in Cr and also shows enrichment when average conglomerate is normalized to PAAS (Figure 7a ). Average granulestone and quartz arenite samples are however depleted in Cr when normalized to PAAS (Figure 7a ).
Large-Ion Lithophile Elements (LILE; Rb, Sr, Ba)
All samples have low LILE concentrations (Rb 3 to 37 ppm, Sr 3 to 31 ppm, Ba, 11 to 98 ppm) relative to PAAS, consistent with low amounts of mica, feldspar and carbonate. (HFSE; Y, Zr, Nb, Ta, Hf, Th) and U Zr concentrations in the MCR and CG 2 are close to PAAS, whereas CG 3 and CG 4 as well as the quartz arenite and granulestone samples are relatively depleted in Zr (Figure 7a ). The Zr values identified in the MCR and CG 2 are associated with elevated U concentrations (up to 17.3 ppm). CG 3 is depleted in both Zr and U. CG 4 however, has depleted Zr concentrations relative to PAAS whilst U contents are enriched. Th/U ratios range from 1 to 7, values typical for Archaean granitoids from the Kaapvaal Craton (Robb et al., 1990) .
High Field Strength Elements
Rare Earth Elements (REE)
Sinqeni Formation conglomerates, granulestones and quartz arenites show similar REE patterns (Figure 7b ). CG 2 shows high total REE concentrations and a very pronounced negative Eu anomaly (Eu/Eu* = 0.092) whereas all other samples have less strong anomalies. All the samples show flat HREE patterns. Average REE patterns for the conglomerates, quartz arenite and granulestones are similar to PAAS except for the pronounced low Eu anomalies in conglomerate and granulestone samples.
Discussion
Depositional Environments
The Sinqeni Formation consists of a succession of fluvial to shallow-marine sedimentary rocks that were deposited during two successive marine transgressions. The lowermost Denny Dalton Member comprises a stacked succession of three upward-fining conglomerate-sandstone units. Rapid lateral facies variation over 10's of metres due to channel development suggests that the conglomerates were deposited as both basal lag, and longitudinal gravel bar deposits in an upper flow regime, proximal, braided alluvial plain environment. The conglomerates are thus similar to fluvial bar-and-channel deposits described by Frimmel and Minter (2002) from the Witwatersrand Supergroup. Carling and Breakspear (2006) suggested that laterally discontinous lag deposits within a braided alluvial plain form in channel scours during short-term degrading river flow conditions. The authors determined that the association of fine to medium sand-sized heavy mineral grains and cobble-sized quartz and chert gravel may form when heavy mineral grains undergo entrainment sorting, being deposited within pore spaces between larger, less dense cobbles and pebbles. The identification of well sorted, densely packed lags of rounded detrital pyrite grains within the MCR suggests reworking and concentration of pyrite grains similar to that identified by Saager et al. (1986) . It is therefore probable that the ~1 m thick MCR was deposited as a longitudinal gravel bar deposit, whilst thinner conglomerates were possibly deposited as basal lag deposits in transverse sand bars (Figure 8 ) similar to those reported by Tucker and Viljoen (1986) in the Central Rand Group.
Most gravel-sized particles of the Denny Dalton Member consist of clasts of either vein quartz or chert, while much quartz is also present as sand-sized grains within the quartz-sericite matrix, resulting in SiO 2 values >94 wt %. Chromite and monazite occur as detrital heavy minerals within the Denny Dalton Member. A high concentration of detrital chromite in most conglomerates is indicated by high Cr concentrations. The high total LREE values for CG 2, combined with the pronounced negative Eu anomaly, suggest a high concentration of LREE-bearing heavy minerals, particularly monazite which is abundant in this sample. The elevated Ta concentrations in the MCR (1.7 ppm) and CG 2 (5.3 ppm) conglomerates relative to the CG 3, CG 4 and sandstone samples is likely a result of rare tantalite grains concentrated in the coarser fractions during sorting.
The trough cross-bedded quartz arenites of the Dipka Member were most likely deposited as shallowmarine shoreface sands, as indicated by their mineralogical and textural maturity. This is in agreement with von Brunn and Hobday (1976) and von Brunn and Mason (1977) , who identified scour channels containing coarse-grained lags that were interpreted to have formed by shallow-marine reworking. The Dipka Member quartz arenites are depleted in TiO 2 , Sr, V, and HFSE in comparison to Phanerozoic sandstones (Taylor and McLennan, 1985) suggesting lower concentrations of heavy minerals such as zircon. Although trough crossbedding within this unit is predominantly unimodal towards the east, it possibly reflects shoreface dune deposition by offshore currents within the fair weather wave base, similar to settings ascribed by Eriksson et al. (1998) to other Precambrian shallow marine environments. The lack of a transitional facies (foreshore-beach or braid delta) between the Denny Dalton Member conglomerates and the overlying quartz arenites may be related to erosion during marine transgression, although Eriksson et al. (1998) noted that beach and foreshore facies are seldom preserved in Archaean clastic shelf sequences.
The laterally continuous polymictic CG 4 conglomerate, which overlies the trough cross-bedded quartz arenites along a sharp erosional contact, likely represents a high energy lag deposit formed along a transgressive ravinement surface, marking the onset of a major marine transgression into the Pongola Basin. This surface likely represents the base of a Transgressive Systems Tract as the overlying succession shows pronounced retrogradation and reworking due to continued deepening during relative sea-level rise. Rodriguez et al. (2001) showed that facies above a transgressive ravinement surface (foreshore-beach or barrier-lagoon) are often reworked, truncated or destroyed, and a winnowed lag of coarse-grained clasts is deposited along the erosion surface. Above the conglomerate lag, the granulestone and coarse-grained quartz arenite can be interpreted as a reworked unit, deposited in a gradually deepening mid-to-lower shoreface environment. The laterally extensive dune pavement which caps the quartz arenite possibly formed in a lower shoreface environment as a result of bipolar bottom-current activity, strong geostrophic currents, or storm surges and/or tidal currents, similar to dunes identified by Long and Yip (2009) in the shallow-marine Bradore Formation of Southeastern Labrador. The nature of the contact between the dune pavement and overlying shales suggests sudden transgression from lower shoreface to transition zone below the fair weather wave base.
The laterally extensive Vlakhoek Member, which crops out throughout the White Umfolozi Inlier, was most likely deposited in a large epicontinental sea. The base of the member is defined by a ~3 m thick interbedded succession of grey to black shale thinly interbedded with fine-grained, ripple-marked siltstone. It is possible that these units represent tempestite deposits formed above the storm wave base. The composition of Vlakhoek shales (Wronkiewicz and Condie, 1989; Hicks, 2009) suggests that a high proportion of granites were present in the source area. Low Al 2 O 3 contents of the BIF above the shale (Alexander et al., 2008; Hicks, 2009; Delvigne et al., 2012) imply that this unit represents a condensed section, marking the initial onset of chemical precipitation on a sediment-starved shelf during rapid sea level rise.
The Kwaaiman Member quartz arenites were deposited in an intertidal to upper shoreface environment, signifying marked marine regression and an erosional hiatus with the underlying shales (Hicks, 2009) . Herringbone cross-bedding is ubiquitous, with bipolar palaeocurrent directions identified from both ripple laminations as well as bedding structures. Mud lenses, desiccation cracks, and multidirectional ripples indicate wave-driven longshore and rip currents in an intertidal environment (Beukes and Cairncross, 1991) . Noffke (2009) suggested that many of the sedimentary structures identified within the Kwaaiman Member are associated with microbial mat growth. Polygonal oscillation cracks, wrinkle structures, erosional pockets, multidirectional ripple laminations and gas domes suggest that benthic microbiota were present as microbial mat communities in the shallow marine to tidal environments during deposition.
Mineralization Processes in Sinqeni Formation conglomerates
Rounded pyrite identified within the MCR at Denny Dalton are of detrital origin due to their abraded nature and their multiple sulphur and iron isotope composition (Hofmann et al., 2009 ). Massive and porous rounded pyrite grains resemble those described by Ramdohr (1958) , Saager (1970) , Utter (1980) and Barton and Hallbauer (1996) from the Witwatersrand Basin and the base of the Transvaal Supergroup. Hallbauer (1986) suggested that porous pyrite in the Witwatersrand Basin was syn-sedimentary in origin and concluded that the rounded porous grains would have formed close to the depositional environment. Concretionary pyrites identified in the Black Reef by Barton and Hallbauer (1996) are similar in texture to radial pyrites identified in the MCR. Radial pyrites are commonly associated with smaller compact pyrite within the MCR and are comparable to syn-sedimentary radial pyrite documented in the Witwatersrand reefs (Hallbauer, 1986) . This pyrite phase is also comparable to those identified by Barton and Hallbauer (1996) , comprising a central pyrite core surrounded by radially orientated, lath-like pyrite crystals resembling that of diagenetic marcasite. Multiple sulphur and iron isotope analysis (Hofmann et al., 2009) possibly diagenetic marcasite and pyrite nodules. This hypothesis is supported by the identification of preserved abraded edges suggesting that secondary pyritization of heavy mineral sands was negligible and the pyrites are indeed detrital in origin.
Authigenic euhedral pyrites are ubiquitous in the conglomerates of the Sinqeni Formation, closely associated with quartz veins cross-cutting the conglomerate. Although quartz veining and associated authigenic pyrites are evident, this pyrite generation has no relation to the identified gold mineralization and is indicative of crystallization from sulphur-rich fluids as a result of post-sedimentary hydrothermal and/or metamorphic processes.
Gold within the MCR is hosted as both primary inclusions in massive, rounded pyrite grains as well as reconstituted particles associated with gersdorffite aggregates. The primary inclusions are similar to inclusions identified by Ramdohr (1958) and Hallbauer (1986) in massive detrital pyrite grains in the Witwatersrand Basin. Utter (1980) , however, indicated that the major gold phases in the Witwatersrand ores occur as detrital grains, gold associated with carbonaceous matter, and recrystallized gold. Frimmel (2005) suggested that rounded pyrite is generally devoid of gold inclusions, with gold associated rather with euhedral secondary pyrite, bitumen, hydrothermal chlorite and pyrophyllite and occurring along microfractures. Mineralized conglomerates of the Denny Dalton Member show close mineralogical similarities to reefs within the West Rand Group, (e.g. The Promise Reef - Meyer et al., 1990; The No. 5 Reef -Watchorn and O'Brien, 1991) , and conglomerates of the Dominion Group (Feather and Koen, 1975) , as these reefs have high concentrations of quartz and chert pebbles with monazite and brannerite evident as heavy minerals in the matrix. The identification of reconstituted gold in association with gersdorffite aggregates within the matrix is in agreement with (Saager et al., 1986) and suggests that some gold was remobilised within the conglomerate and re-precipitated. It is therefore possible that anomalous Au values identified within the MCR are due to re-precipitation of gold associated with pyrite and gersdorffite.
Evidence that the gold-bearing pyrites of the MCR are of sedimentary origin (Hofmann et al., 2009) suggests that pyrites were likely derived from the erosion of sulphidic shales or syn-sedimentary pyrite deposits and not from vein-type lode-gold deposits. Although the suggestion could be made that the MCR ores were derived from shales associated with volcanogenic massive sulphide (VMS) deposits similar to those from the Pilbara Craton (Vearncombe et al., 1995) , Co/Ni ratios, as well as low Zr concentrations in pyrite from the MCR are inconsistent with VMS-derived pyrite.
Uranium mineralization within the Denny Dalton Member has been studied by several authors (von Backstrom, 1967; von Rahden and Hiemstra, 1967; Delpierre, 1969; Campbell, 1982; Saager and Stupp, 1983; Saager et al., 1986 ) most of whom attributed elevated uranium concentrations within the MCR to the presence of leucoxene and brannerite. Brannerite occurs only as authigenic overgrowths and accessory crystals along the edges of leucoxene grains, and is not observed as detrital grains. Saager and Stupp (1983) suggested that complex-textured brannerite aggregates are pseudomorphs after rutile/ilmenite exsolution lamellae and are therefore not detrital in origin.
Uranium mineralization identified in CG 4 occurs as secondary, authigenic uraninite and coffinite precipitated along grain boundaries of rounded detrital pyrite. The Th/U ratio in CG 4 is approximately equal to 1 and as a result suggests addition of secondary U, similar to results obtained by Feather and Koen (1975) that showed that low-temperature, hydrothermallyderived uraninite has a very low thorium content compared to detrital uraninite derived from granites or pegmatites. An authigenic source for the uranium is in accordance with Saager and Utter (1980) who suggested that leaching of uraniferous minerals from the MCR occurred due to percolating subsurface waters, with some uranium re-precipitated in suitable trap sites. The locally reducing environments along sulphide grain boundaries in the CG 4 represent suitable sites for uranium precipitation. This is in accordance with Hemingway (1982) who proposed that the reduction of UO 2 2+ to UO 2 + decreases the solubility of the dissolved U and leads to adsorption of UO 2 + onto grain surfaces. Within CG 4 the localized abundance of pyrite grains therefore produced a reducing environment within which uranium oxides precipitated as encrustations around pyrite grains.
Provenance of the Auriferous Denny Dalton Member
Fluviatile sandstones and conglomerates of the Denny Dalton Member appear to have been derived from a number of sources including granitoid basement, greenstone assemblages, and from erosion of underlying Pongola Supergroup lithologies. A granite-greenstone provenance is indicated by the abundance of chert pebbles likely derived from Palaeoarchaean greenstone successions, such as the Nondweni greenstone belt (Hofmann and Wilson, 2007) , whilst vein quartz pebbles are most likely derived from the underlying granitoid basement. Rare volcanic clasts identified within the conglomerates indicate that some of the material was derived from either erosion of former greenstone belts of the hinterland, or local erosion of the underlying Nsuze Group volcanics.
The large clast size and unimodal east-north-easterly palaeocurrent direction of the Denny Dalton Member suggests proximal deposition of the conglomerates with a provenance to the west of the White Umfolozi Inlier. The east to north-easterly palaeocurrent directions are consistent with those determined by von Brunn and Mason (1977) and Dix (1984) in the same area, but differ from those measured for the Dipka Member in the main Pongola Basin in the Piet Retief area, which show a unimodal, south to south-easterly direction (Beukes and Cairncross, 1991) . This variance in palaeocurrent direction reflects an alternate, more southerly provenance area for the Denny Dalton Member in the White Umfolozi Inlier (Figure 3) . It is suggested that, as the inlier crops out on the south-western edge of the Pongola Basin and onlaps onto the north-west trending basement high to the west (Figure 1 ), this could account for the palaeocurrent difference compared to lithologies to the north, as sediment would have been shed from this high into the basin.
The flat HREE patterns and negative Eu anomalies recorded for the average Sinqeni Formation conglomerates, quartz arenites and granulestones suggest an evolved, stable, cratonic provenance for the Sinqeni Formation, likely from a granitic to granodioritic source terrain (Figure 7b ). These results suggest derivation from Eu-depleted, K-rich granitic rocks that formed during stabilization of the eastern part of the Kaapvaal craton between 3.2 and 3.1 Ga (Robb et al., 2006) and are in line with the inference by McLennan (1989) for a change in REE signature of Archaean continental crust to one which is similar to that of PAAS following craton stabilization.
The concentrations of detrital monazite within the conglomerates suggest sediment derivation from granitic or pegmatitic sources, likely granitoids which comprise the basement to the Pongola Supergroup in the White Umfolozi Inlier. Ultramafic/mafic components in the source area are identified by the presence of detrital chromite grains within the MCR, possibly derived from equivalents of Archaean greenstone terrains. Chert clasts also indicate greenstone-derived sediment input for the MCR. Hofmann et al. (2009) suggest that the pyrite generations identified in the MCR are derived from a compositionally homogeneous sedimentary source with sulphur isotope values reflecting sedimentary and early diagenetic pyrites. It is therefore likely that the Sinqeni Formation conglomerates were derived primarily from a granite-greenstone source terrain with some sediment possibly derived from erosion of underlying Nsuze Group strata.
Conclusions
The fluvial Denny Dalton Member was deposited in a braidplain environment during the initial stages of a major marine transgression that affected the Pongola Basin during Mozaan Group deposition. Three finingupward successions are identified, with a ~1 m thick auriferous and uraniferous large pebble to cobble conglomerate (the Mozaan Contact Reef) forming the basal facies of the lowermost fining-upward succession. The overlying successions host non-to poorlymineralized small-to large-pebble conglomerates at their bases. Laterally continuous shallow-marine quartz arenites of the Dipka Member overlie the Denny Dalton Member and were deposited in an upper shoreface environment. The CG 4 conglomerate caps the Dipka Member and represents a winnowed lag deposit along a transgressive ravinement surface that marks the onset of rapid marine transgression into the Pongola basin. High quartz percentages combined with flat HREE patterns and a pronounced negative Eu anomaly indicate a granitic source terrain for the conglomerates and quartz arenites of the Sinqeni Formation. The conglomerate and its associated granulestones are overlain by black shales, BIF and green shales of the Vlakhoek Member, with the BIF constituting a condensed section that marks the maximum transgression into the basin.
Three generations of detrital pyrite are evident in the Sinqeni Formation conglomerates, all of which have been derived from a sedimentary provenance. Within the MCR, gold occurs as primary gold inclusions in massive rounded pyrite and subrounded, corroded scorodite grains which have replaced arsenopyrite. No detrital uraninite grains are evident, with uranium confined to altered, detrital, uraniferous leucoxene in the MCR and secondary uranium mineralization in CG 4. The CG 4 conglomerate is representative of a secondary, hydrothermal deposit, derived from remobilization of primary uranium minerals, followed by uranium mineralization as uraninite and coffinite coatings around detrital pyrite grains in CG 4. The MCR however, is representative of a placer deposit that has been subjected to post-depositional weathering and alteration, as minor authigenic brannerite is derived from digenetic alteration of uraniferous leucoxene. The mineralogical and geochemical signatures of the Denny Dalton Member conglomerates suggest a proximal granitegreenstone provenance; however sedimentary-derived pyrite grains within the MCR suggest that some ore minerals were derived from reworking of sedimentary lithologies, either eroded from the underlying Nsuze Group, or greenstone lithologies.
